Proteinase binding and inhibition by the monomeric alpha-macroglobulin rat alpha 1-inhibitor-3.
The inhibitory capacity of the alpha-macroglobulins resides in their ability to entrap proteinase molecules and thereby hinder the access of high molecular weight substrates to the proteinase active site. This ability is thought to require at least two alpha-macroglobulin subunits, yet the monomeric alpha-macroglobulin rat alpha 1-inhibitor-3 (alpha 1I3) also inhibits proteinases. We have compared the inhibitory activity of alpha 1I3 with the tetrameric human homolog alpha 2-macroglobulin (alpha 2M), the best known alpha-macroglobulin, in order to determine whether these inhibitors share a common mechanism. alpha 1I3, like human alpha 2M, prevented a wide variety of proteinases from hydrolyzing a high molecular weight substrate but allowed hydrolysis of small substrates. In contrast to human alpha 2M, however, the binding and inhibition of proteinases was dependent on the ability of alpha 1I3 to form covalent cross-links to proteinase lysine residues. Low concentrations of proteinase caused a small amount of dimerization of alpha 1I3, but no difference in inhibition or receptor binding was detected between purified dimers or monomers. Kininogen domains of 22 and 64 kDa were allowed to react with alpha 1I3- or alpha 2M-bound papain to probe the accessibility of the active site of this proteinase. alpha 2M-bound papain was completely protected from reaction with these domains, whereas alpha 1I3-bound papain reacted with them but with affinities several times weaker than uncomplexed papain. Cathepsin G and papain antisera reacted very poorly with the enzymes when they were bound by alpha 1I3, but the protection provided by human alpha 2M was slightly better than the protection offered by the monomeric rat alpha 1I3. Our data indicate that the inhibitory unit of alpha 1I3 is a monomer and that this protein, like the multimeric alpha-macroglobulins, inhibits proteinases by steric hindrance. However, binding of proteinases by alpha 1I3 is dependent on covalent crosslinks, and bound proteinases are more accessible, and therefore less well inhibited, than when bound by the tetrameric homolog alpha 2M. Oligomerization of alpha-macroglobulin subunits during the evolution of this protein family has seemingly resulted in a more efficient inhibitor, and we speculate that alpha 1I3 is analogous to an evolutionary precursor of the tetrameric members of the family exemplified by human alpha 2M.